Measuring socioeconomic inequalities in relation to malaria risk : a comparison of metrics in rural Uganda. by Tusting,  L.S. et al.
Durham Research Online
Deposited in DRO:
14 March 2016
Version of attached ﬁle:
Published Version
Peer-review status of attached ﬁle:
Peer-reviewed
Citation for published item:
Tusting, L.S. and Rek, J.C. and Arinaitwe, E. and Staedke, S.G. and Kamya, M.R. and Bottomley, C. and
Johnston, D. and Lines, J. and Dorsey, G. and Lindsay, S.W. (2016) 'Measuring socioeconomic inequalities in
relation to malaria risk : a comparison of metrics in rural Uganda.', American journal of tropical medicine and
hygiene., 94 (3). pp. 650-658.
Further information on publisher's website:
http://dx.doi.org/10.4269/ajtmh.15-0554
Publisher's copyright statement:
Additional information:
Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or charge, for
personal research or study, educational, or not-for-proﬁt purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in DRO
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full DRO policy for further details.
Durham University Library, Stockton Road, Durham DH1 3LY, United Kingdom
Tel : +44 (0)191 334 3042 | Fax : +44 (0)191 334 2971
http://dro.dur.ac.uk
Am. J. Trop. Med. Hyg., 94(3), 2016, pp. 650–658
doi:10.4269/ajtmh.15-0554
Copyright © 2016 by The American Society of Tropical Medicine and Hygiene
Measuring Socioeconomic Inequalities in Relation to Malaria Risk:
A Comparison of Metrics in Rural Uganda
Lucy S. Tusting,* John C. Rek, Emmanuel Arinaitwe, Sarah G. Staedke, Moses R. Kamya, Christian Bottomley,
Deborah Johnston, Jo Lines, Grant Dorsey, and Steve W. Lindsay
Department of Disease Control, London School of Hygiene and Tropical Medicine, London, United Kingdom; Infectious Disease Research
Collaboration, Mulago Hospital Complex, Kampala, Uganda; Department of Clinical Research, London School of Hygiene and Tropical
Medicine, London, United Kingdom; School of Medicine, Makerere University College of Health Sciences, Kampala, Uganda; Medical Research
Council Tropical Epidemiology Group, London School of Hygiene and Tropical Medicine, London, United Kingdom; Department
of Economics, School of Oriental and African Studies, London, United Kingdom; Department of Medicine, University of California at
San Francisco, San Francisco, California; School of Biological and Biomedical Sciences, Durham University, Durham, United Kingdom
Abstract. Socioeconomic position (SEP) is an important risk factor for malaria, but there is no consensus on how to
measure SEP in malaria studies. We evaluated the relative strength of four indicators of SEP in predicting malaria risk
in Nagongera, Uganda. A total of 318 children resident in 100 households were followed for 36 months to measure par-
asite prevalence routinely every 3 months and malaria incidence by passive case detection. Household SEP was deter-
mined using: 1) two wealth indices, 2) income, 3) occupation, and 4) education. Wealth Index I (reference) included
only asset ownership variables. Wealth Index II additionally included food security and house construction variables,
which may directly affect malaria. In multivariate analysis, only Wealth Index II and income were associated with the
human biting rate, only Wealth Indices I and II were associated with parasite prevalence, and only caregiver’s educa-
tion was associated with malaria incidence. This is the first evaluation of metrics beyond wealth and consumption indi-
ces for measuring the association between SEP and malaria. The wealth index still predicted malaria risk after
excluding variables directly associated with malaria, but the strength of association was lower. In this setting, wealth
indices, income, and education were stronger predictors of socioeconomic differences in malaria risk than occupation.
INTRODUCTION
Malaria is closely associated with poverty, with the odds of
malaria infection doubled on average in the poorest children
within a community compared with the least poor.1 Measuring
socioeconomic position (SEP), the suite of social and economic
factors that determine the position held by individuals and
groups within a society,2,3 is therefore critical both to studying
the socioeconomic determinants of malaria and to most obser-
vational malaria research, since SEP confounds many rela-
tionships. However, as for many other health outcomes,4,5
the relative strength of metrics for evaluating the association
between SEP and malaria has been little considered.
SEP can be measured directly using household consump-
tion, expenditure or income, or indirectly using proxy metrics
such as wealth indices, occupation, household vulnerability,
and education.6 Consumption is generally considered to be the
“gold standard” since it is the most direct indicator of SEP, is
accurate to measure, and is relatively stable over time, yet it is
expensive to collect, requiring detailed data on rental income,
reported household consumption, and fees from durable items
owned.7,8 Household income is another direct indicator of
SEP, but also requires lengthy interviewing, is difficult to mea-
sure when derived from multiple sources, and is subject to
temporal fluctuation.9,10
Wealth indices derived from assets have been developed
as an alternative to consumption and are widely used as indi-
rect metrics of SEP in malaria studies since they are simple
to do and less subject to reporting biases. Wealth indices can
have similar predictive values to consumption in estimating
the relationship between SEP and health outcomes.6,11–13
However, findings can be affected by the weighting strategy
and choice of included assets.14 For example, the inclusion of
assets in the wealth index that are associated directly with
the outcome of interest can increase the association between
SEP and the outcome of interest.12 This is often relevant to
malaria; for instance, house construction materials are some-
times included in wealth indices, especially if the Demo-
graphic and Health Survey (DHS) model is used.15,16 Yet
house construction may be independently assessed as a risk
factor for malaria, since it can influence house entry by mos-
quito vectors.17 SEP may also be measured indirectly using
classes of occupation,18 and education, typically by measuring
years of formal education completed, qualifications attained,
or literacy.19,20
Previous studies of health inequalities have compared
the household rankings produced by different SEP indica-
tors12,14,21–24 and evaluated the association of different indica-
tors with specific health outcomes.14,25–27 However, to our
knowledge, only one study has previously evaluated indica-
tors for measuring socioeconomic inequalities in relation to
malaria risk.28 In that study, three indices were developed
using data from 25 Tanzanian villages: a consumption index
and two wealth indices derived from principal component
analysis (PCA). Little difference was found between household
rankings from the two wealth indices while a weak relationship
was found between the wealth index and consumption index,
with the household rankings based on PCA being less discrimi-
natory than those based on consumption. However, a higher
score in both the consumption and wealth index was associated
with a reduced risk of malaria infection, indicating that the
wealth index was a reasonable empirical and logistical alterna-
tive to consumption in that context.28
In this study, we evaluate the agreement between four indi-
cators of SEP and explore how the risk of malaria in chil-
dren varies with these indicators in Nagongera, rural Uganda.
*Address correspondence to Lucy S. Tusting, Department of Dis-
ease Control, London School of Hygiene and Tropical Medicine, Keppel
Street, London WC1E 7HT, United Kingdom. E-mail: lucy.tusting@
lshtm.ac.uk
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The four indicators compared are 1) two wealth indices
derived from PCA, 2) income, 3) occupation, and 4) female
caregiver’s education. To our knowledge, this is the first
evaluation of metrics other than wealth indices and con-
sumption indices for measuring the association between SEP
and malaria.
MATERIALS AND METHODS
Study site. The study was carried out between August 2011
and September 2014 in Nagongera sub-country, Tororo Dis-
trict, Uganda (00°46′10.6″N, 34°01′34.1″E). Rainfall is bimodal,
with long rains from March to June and short rains from
August to December. Malaria transmission is intense with
an estimated annual Plasmodium falciparum entomological
inoculation rate of 125.29 Anopheles gambiae s.s. (81.5%) and
Anopheles arabiensis (18.5%) are the primary vectors.
Data source. This study was part of a cohort study described
elsewhere.29,30 All children aged 6 months to 10 years and their
primary caregivers were enrolled from 100 randomly selected
households in Nagongera in August–September 2011. Recruit-
ment was dynamic, such that children reaching 6 months of
age and meeting the eligibility criteria were enrolled and
children reaching 11 years were withdrawn. Households with
no remaining study participants were withdrawn, and seven
additional households were recruited in September 2013.
Participants were followed for all their health-care needs at
the designated study clinic in Nagongera for 36 months,
until September 2014. Outcomes measured were 1) human
biting rate (HBR), measured by one night of CDC light
trap (Model 512; John W. Hock Company, Gainesville, FL)
catches per month in each home; 2) prevalence of para-
sitemia measured routinely every 3 months and confirmed by
microscopy; and 3) incidence of all malaria episodes measured
by passive case detection.
Household and women’s surveys. Data on indicators of
SEP were collected from three surveys: 1) a baseline house-
hold survey conducted at the time of enrollment, 2) a second
household survey conducted after 24 months of follow-up in
September–October 2013, and 3) a women’s survey, adminis-
tered as a separate structured questionnaire after the second
household survey. Both household surveys were adminis-
tered to one designated adult respondent from each house-
hold, if they met four inclusion criteria: 1) usually resident,
2) present in the sampled household the night before the
survey, 3) aged at least 18 years, and 4) agreed to provide
informed written consent. The women’s survey was adminis-
tered to all adult women of childbearing age (18–49 years),
resident in each study household, who met three inclusion
criteria: 1) usual female resident, 2) present in the sampled
household the night before the survey, and 3) agreed to pro-
vide informed written consent. Households were excluded if
no adult respondent could be located on more than three
occasions over 2 weeks (Table 1).
Variables for the wealth indices were collected in the first
household survey (main mode of transport to the health
facility) and in the second household survey (all other wealth
index variables). House construction was recorded through
separate house visits by the entomology field teams during
2013 and confirmed by the second household survey. House-
hold income and occupation were measured in the second
household survey. Educational status of each child’s mother
or the eldest female caregiver in each child’s household was
recorded in the women’s survey.
Data analysis. Data were collected using standardized case
record forms entered into Microsoft Access (Microsoft Corp.,
Redmond, WA) for follow-up of study participants and using
a paperless system for the household and women’s surveys.
Analyses were performed with Stata Version 13 (StataCorp,
College Station, TX).
Wealth indices. Two wealth indices were produced using
PCA.11 Since there remains a paucity of underlying theory
to support the choice of variables for PCA,10 we chose which
variables to include based on a review of the literature, the
2006 Uganda DHS and the 2009 Uganda Malaria Indicator
Survey.31,32 To avoid a narrow or skewed distribution of
wealth index scores,16 we aimed to include a balance of vari-
ables on asset ownership and access to infrastructure.33
For Wealth Index I, the following variables were included
in the PCA: ownership of a 1) radio, 2) mobile telephone,
3) table, 4) cupboard, 5) clock, and 6) sofa; 7) people per
sleeping room; 8) access to an improved toilet; and 9) main
TABLE 1
Variables included in two wealth indices for 100 households in Nagongera, Uganda, and their impact on household wealth index score
Item
Proportion of
households
with item
Weight
Wealth index I* Wealth index II†
Radio 0.53 0.29 0.18
Mobile telephone 0.61 0.30 0.27
Table 0.62 0.37 0.31
Cupboard 0.07 0.45 0.27
Clock 0.12 0.43 0.29
Sofa 0.05 0.41 0.31
≤ 2 people per sleeping room 0.23 0.19 0.14
Improved toilet 0.18 0.29 0.20
Transport to health facility other than walking 0.33 0.10 0.05
Tiled or metal roof 0.65 Not included 0.21
Cement or plaster wall 0.24 Not included 0.35
Wood, brick, or cement floor 0.17 Not included 0.38
Meat eaten ≥ 3 days in the past week 0.40 Not included 0.26
≥ 3 meals per day in past week 0.28 Not included 0.33
*Wealth Index I: variables entered into principal component analysis: ownership of a 1) radio, 2) mobile telephone, 3) table, 4) cupboard, 5) clock, and 6) sofa; 7) people per sleeping room;
8) access to an improved toilet facility; and 9) main mode of transport to the health facility. Individual household wealth index scores are calculated by summing the coefficients of assets or char-
acteristics possessed by each household.
†Wealth Index II: variables entered into PCA were those included in Wealth Index I in addition to: 10) main roof material, 11) main wall material, 12) main floor material, 13) frequency of
meat consumption, and 14) number of meals per day.
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mode of transport to the health facility. Wealth indices often
include food security and house construction variables,34 but
these factors may be independently associated with malaria
in the study area.35,36 To evaluate whether including food
security and house construction variables altered the associa-
tion between the wealth index and malaria outcomes, Wealth
Index II additionally included five variables: 10) main roof
material, 11) main wall material, 12) main floor material,
13) frequency of meat consumption, and 14) number of meals
per day. Households were ranked by wealth scores and
grouped into tertiles. This was done for both wealth indices
to give two categorical measures of SEP. Standardized, con-
tinuous wealth index scores were created by subtracting mean
index scores and dividing by the standard deviation. In addi-
tion, the association between Wealth Index I and the five vari-
ables additionally included in Wealth Index II was assessed
using Pearson’s χ2 test.
Agreement between SEP indicators. Rankings of house-
holds by Wealth Indices I and II were compared using kappa
coefficients and Spearman rank correlation coefficients. Cross
tabulations and Pearson’s χ2 test were used to explore the
associations between household-level indicators of SEP and
tertiles of Wealth Index I.
Sensitivity of SEP indicators to malaria risk. Each indicator
of SEP was evaluated as a predictor of HBR, parasite preva-
lence, and incidence of clinical malaria. Negative binomial
regression was used to model the number of Anopheles caught
per household per night and the number of malaria cases
per child with the number of catch nights and person years
included as offset terms. The prevalence of malaria infec-
tion at the time of each routine clinic visit was modeled using
logistic regression. First, a crude analysis was done in which
the models for HBR included no covariates and the models
for parasite prevalence and malaria incidence were minimally
adjusted for age and gender. Second, to evaluate the relative
sensitivity of SEP indicators to inequalities in malaria risk,
all indicators of SEP were included in multivariable models
for HBR, parasite prevalence, and malaria incidence. In all
models, robust standard errors were used to adjust for clus-
tering at the household level.
Ethics. Ethical approval was given by the Uganda National
Council for Science and Technology; Makerere University
School of Medicine Research and Ethics Committee; Uni-
versity of California, San Francisco Committee for Human
Research; and London School of Hygiene and Tropical Medi-
cine Ethics Committee.
RESULTS
Study population. A total of 333 children in 107 total house-
holds were enrolled into the cohort study between August
2011 and September 2014. The mean age of study children
during follow-up was 5.7 years, and 153 (46%) were female.
All households were surveyed at enrollment in the first house-
hold survey. Seven households were withdrawn and replaced
immediately before the second household survey in September
2013, such that the second household survey collected data for
100 households and 318 (95%) children. A total of 105 women
were surveyed, such that data on female caregivers’ education
was collected for 301 (90%) children enrolled (Figure 1).
Wealth indices. In Wealth Index I (no housing or food
security variables), the first principal component explained
29.3% of overall variability in the asset variables. Greatest
weight was given to ownership of a cupboard (Table 1). In
Wealth Index II (all variables), the first principal component
explained 30.5% of the overall variability in the asset vari-
ables. Greatest weight was given to main floor material. Both
indices were right skewed, with wealth index scores ranging
from −2.4 to 6.6 (Figure 2). Wealth Index I was strongly asso-
ciated with the five variables additionally included in Wealth
Index II: main roof material (P = 0.001), main wall material
(P < 0.001), main floor material (P < 0.001), frequency of
meat consumption (P < 0.001), and number of meals per day
(P < 0.001).
Agreement between SEP indicators. Ranking of house-
holds by scores from the two wealth indices was similar but
not identical (Spearman’s ρ = 0.93, P < 0.001) as was the
grouping of households into tertiles (Spearman’s ρ = 0.87,
P < 0.001; κ = 0.73, P < 0.001), with 82% of households placed
into the same tertile by both wealth indices (Figure 3, Table 2).
Households placed in higher tertiles of Wealth Index I (ref-
erence index) had greater income and better educated adult
women than households in the lowest tertile (Table 2).
However, there was no association between Wealth Index I
and occupation.
Sensitivity of SEP indicators to malaria risk. Human biting
rate. A total of 124,746 adult female Anopheles were caught
over 3,489 collection nights, yielding an overall HBR of 35.8
FIGURE 1. Study profile.
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Anopheles per house per night. All households contributed
at least one collection night. Controlling for all other SEP
indicators, HBR was associated only with Wealth Index II
(highest versus lowest tertile: adjusted incidence rate ratio
(aIRR) = 0.67, 95% confidence intervals (CIs) = 0.49–0.92,
P = 0.01) and income from remittances (received versus did
not receive remittances in past 12 months: aIRR = 0.67,
95% CI = 0.47–0.96, P = 0.03) (Table 3).
Parasite prevalence. A total of 3,367 routine blood smears
were taken of which 1,037 (30.8%) were positive. All partici-
pants contributed at least one blood smear. Controlling for
age, gender, and all other SEP indicators, parasite preva-
lence was associated with the wealth indices only (highest
versus lowest tertile of Wealth Index I: adjusted odds ratio
(aOR) = 0.57, 95% CI = 0.40–0.82, P = 0.003; Wealth Index II:
aOR = 0.57, 95% CI = 0.40–0.82, P = 0.002) (Table 4).
Incidence of clinical malaria. A total of 2,399 uncomplicated
malaria episodes were diagnosed after 802 person-years of
follow up, yielding an overall incidence of 3.0 episodes per
person-year at risk. One participant was withdrawn immediately
after enrollment and did not contribute person-time. Controlling
for age, gender, and all other SEP indicators, only female care-
giver’s education was associated with malaria incidence
(attended school versus never attended school: aIRR = 0.70,
95% CI = 0.49–0.98, P = 0.04). Malaria incidence was not asso-
ciated with either of the wealth indices nor income or occupa-
tion (Table 5).
DISCUSSION
We compared two wealth indices and three additional indi-
cators of SEP for measuring socioeconomic inequalities in rela-
tion to malaria risk in children in a rural, high transmission
area of Uganda. HBR was 29–31% lower in households in
the highest tertile of Wealth Indices I and II, compared with
the lowest tertile, and 37% lower in households that received
any remittances in the past 12 months. However, after con-
trolling for all other SEP indicators, only access to remittances
and Wealth Index II (which included house construction
and food security variables) were significantly associated
with lower HBR. Controlling for age, gender, and all other
SEP indicators, the odds of malaria infection were 43% lower
in children in the highest tertile of both Wealth Indices I
and II, compared with the lowest tertile, and malaria inci-
dence was 30% lower in children whose primary female
caregiver had attended school compared with those whose
caregiver had not. No association was found between occupa-
tion and malaria.
Since their early development and adoption by the DHS
and World Bank,11,37 wealth indices have become widely used
to measure SEP in epidemiological studies in low- and middle-
income settings.1 Although there is a continuing debate over
how well wealth indices agree with consumption,13 they are a
pragmatic means to assess SEP rapidly and can theoretically
represent long-term SEP, similar to consumption expenditure,
because assets are relatively resilient to short-term economic
shocks.6 We observed that the wealth index was sensitive to
socioeconomic inequalities in HBR and parasite prevalence,
and indeed it is possible that this metric was less subject to
FIGURE 2. Distribution of wealth index scores from principal
component analysis (PCA) in 100 households in Nagongera, Uganda.
Variables entered into the PCA for Wealth Index I (A): ownership of
a 1) radio, 2) mobile telephone, 3) table, 4) cupboard, 5) clock, and
6) sofa; 7) people per sleeping room; 8) access to an improved toilet
facility; and 9) main mode of transport to the health facility. Addi-
tional variables entered for Wealth Index II (B): 10) main roof mate-
rial, 11) main wall material, 12) main floor material, 13) frequency of
meat consumption, and 14) number of meals per day.
FIGURE 3. Association between scores from two wealth indices
derived from principal component analysis in 100 households in
Nagongera, Uganda. Lines perpendicular to the axes represent cutoffs
for tertiles of each wealth index.
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TABLE 2
Agreement between indicators of SEP in 100 households in Nagongera, Uganda
Indicator
All
tertiles
(%)
Wealth Index I (reference)* (%)
Poorest Middle Highest P
Indicators at the level of the household N = 35 N = 32 N = 33
Wealth index Wealth Index II† (%) Poorest tertile 34 91.4 6.3 0.0 < 0.001
Middle tertile 34 8.6 75.0 21.2
Highest tertile 32 0.0 18.8 78.8
Wealth Index II† Mean score (95% CI)‡ – −0.9 (−0.9, −0.8) −0.1 (−0.3, 0.0) 1.0 (0.7, 1.4) < 0.001
Income Total income from
agriculture in the
past 12 months,
UGX (%)
< 100,000 37 51.4 40.6 18.8 0.001
100,000 to < 300,000 35 37.1 40.6 28.1
≥ 300,000 27 11.4 18.8 53.1
Remittances received
in the past
12 months (%)
No 85 94.3 87.5 72.7 0.04
Yes 15 5.7 12.5 27.3
Occupation Main occupation of
the household
head (%)
Agriculture or unskilled 72 80.0 78.1 57.6 0.08
Skilled 28 20.0 21.9 42.4
Main source of
household
income (%)
Agriculture or unskilled 80 85.7 84.4 69.7 0.27
Skilled 16 11.4 15.6 21.2
Remittances or other 4 2.9 0.0 9.1
Indicator at the level of the child N = 110 N = 107 N = 101
Education Female caregiver ever
attended school (%)
No 24.9 29.9 21.9 22.5 0.33
Yes 75.1 70.1 78.1 77.6
Female caregiver’s
highest level of
school completed (%)
None 24.9 29.9 21.9 22.5 0.003
Incomplete primary 55.2 62.6 52.1 50.0
Primary or higher 19.9 7.5 26.0 27.6
SEP = socioeconomic position; UGX = Ugandan shilling.
*Wealth Index I: variables entered into principal component analysis (PCA): ownership of a 1) radio, 2) mobile telephone, 3) table, 4) cupboard, 5) clock, and 6) sofa; 7) people per sleeping
room; 8) access to a toilet facility; and 9) main mode of transport to the health facility.
†Wealth Index II: variables entered into PCAwere those included in Wealth Index I in addition to: 10) main roof material, 11) main wall material, 12) main floor material, 13) meat consump-
tion, and 14) number of meals per day.
‡Standardized wealth index scores were created by subtracting mean index scores and dividing by the standard deviation. The P value for this variable was calculated using analysis of variance.
TABLE 3
Association between household-level indicators of SEP and the HBR in 100 households in Nagongera, Uganda
Characteristic HBR* Crude IRR (95% CI) P Adjusted IRR (95% CI)† P
Wealth index
Wealth Index I
Poorest tertile 41.5 (1,136) 1 – 1 –
Middle tertile 34.4 (1,132) 0.86 (0.65–1.13) 0.27 0.88 (0.68–1.14) 0.34
Highest tertile 28.8 (1,110) 0.71 (0.54–0.93) 0.01 0.75 (0.56–1.02) 0.06
Continuous score‡ – 0.87 (0.77–0.99) 0.03 0.92 (0.81–1.05) 0.22
Wealth Index II
Poorest tertile 40.8 (1,124) 1 – 1 –
Middle tertile 35.8 (1,173) 0.90 (0.68–1.18) 0.44 0.93 (0.72–1.20) 0.58
Highest tertile 27.9 (1,081) 0.69 (0.52–0.91) 0.008 0.67 (0.49–0.92) 0.01
Continuous score‡ – 0.79 (0.71–0.89) < 0.001 0.80 (0.69–0.91) 0.001
Income
Total income from agriculture in past 12 months (UGX)
< 100,000 37.0 (1,291) 1 – 1 –
100,000 to < 300,000 29.3 (1,142) 0.80 (0.61–1.04) 0.10 0.77 (0.59–1.01) 0.06
≥ 300,000 40.0 (910) 1.05 (0.79–1.40) 0.72 1.16 (0.86–1.58) 0.34
Remittances received in the past 12 months
No 37.0 (2,872) 1 1 1 –
Yes 23.0 (506) 0.63 (0.46–0.86) 0.004 0.67 (0.47–0.96) 0.03
Occupation
Primary occupation of the household head
Agriculture, unskilled, or cannot work 35.3 (2,431) 1 1 1 –
Skilled 34.1 (947) 0.95 (0.74–1.24) 0.72 0.98 (0.71–1.34) 0.89
Main source of household income
Agriculture or unskilled 36.8 (2,690) 1 – 1 –
Skilled 30.0 (544) 0.82 (0.60–1.13) 0.23 0.83 (0.57–1.23) 0.36
Remittances or other 19.2 (144) 0.53 (0.30–0.95) 0.03 0.80 (0.42–1.50) 0.48
CI = confidence interval; HBR = human biting rate; IRR = incidence rate ratio; SEP = socioeconomic position; UGX = Ugandan shilling.
*HBR: total female Anopheles/total collection nights. Total collection nights are shown in brackets.
†IRR adjusted for categorical Wealth Index I and all other SEP indicators, excluding all other wealth index variables. IRRs for the categorical Wealth Index II and continuous Wealth Indices I
and II variables were adjusted for all other indicators of SEP, excluding all other wealth index variables.
‡Standardized wealth index scores were created by subtracting mean index scores and dividing by the standard deviation.
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measurement error than other metrics and more indicative
of long-term living conditions.38 The one previous comparison
of indicators for measuring socioeconomic inequalities in
malaria risk found that the wealth index was a reasonable
alternative to consumption in rural Tanzania.28
Although there is a paucity of underlying theory to guide
the choice of included variables in wealth indices,10 the inclu-
sion of assets directly associated with the outcome of inter-
est may increase the observed socioeconomic inequalities in
health.12 Furthermore, variables often included in the wealth
index, such as house type, are sometimes evaluated indepen-
dently as malaria risk factors.17 We therefore sought to evalu-
ate how the choice of variables included in the wealth index
affected the association with malaria outcomes. Household
rankings from the two wealth indices were highly correlated,
but controlling for other SEP indicators, only the wealth index
that included house construction and food security variables
was associated with HBR. House structure may explain part
of the association between SEP and malaria in Nagongera
since it is both a malaria risk factor36 and associated with rela-
tive wealth, so it is plausible that its inclusion strengthens the
association between the wealth index and malaria risk and
that there is a trade-off between house type and SEP in the
model. Previous wealth indices based on assets alone39 and on
assets and food security36 in the same district were not signifi-
cantly associated with parasite prevalence.
We observed that female caregiver’s education was better
able to predict differences in malaria incidence than other
metrics of SEP. Good education is commonly associated with
improved health outcomes elsewhere26,40 and generally con-
sidered to be a useful metric of SEP since it is a proxy for
knowledge-based assets and can be strongly related to other
measures of SEP such as income and occupation.6,20 However,
education was not associated with HBR nor parasite preva-
lence, and the epidemiological meaning of this remains unclear.
The use of education as a metric of SEP can be complicated
TABLE 4
Association between indicators of SEP and malaria infection in children aged six months to 10 years in Nagongera, Uganda
Characteristic % Positive* Crude OR (95% CI)† P Adjusted OR (95% CI)‡ P
Age at the time of the blood smear
6 months to < 3 years 19.2 (657) 1 – 1 –
3 to < 5 years 27.6 (699) 1.60 (1.18–2.18) 0.002 1.60 (1.16–2.20) 0.004
5 to < 11 years 35.7 (2,011) 2.34 (1.77–3.09) < 0.001 2.40 (1.83–3.17) < 0.001
Gender
Female 29.9 (1,518) 1 – 1 –
Male 31.5 (1,849) 1.07 (0.86–1.35) 0.54 1.04 (0.82–1.30) 0.75
Wealth index
Wealth Index I
Poorest 38.4 (1,087) 1 – 1 –
Middle 29.6 (1,170) 0.65 (0.48–0.87) 0.003 0.69 (0.51–0.94) 0.02
Highest 25.3 (1,010) 0.52 (0.35–0.78) 0.001 0.57 (0.40–0.82) 0.003
Continuous score§ – 0.82 (0.64–1.04) 0.10 0.80 (0.65–0.99) 0.04
Wealth Index II
Poorest 37.7 (1,109) 1 – 1 –
Middle 28.9 (1,210) 0.63 (0.46–0.87) 0.004 0.64 (0.47–0.88) 0.005
Highest 26.4 (948) 0.58 (0.40–0.84) 0.004 0.57 (0.40–0.82) 0.002
Continuous score§ – 0.73 (0.60–0.88) 0.001 0.71 (0.59–0.86) < 0.001
Income
Total income from agriculture in the past 12 months (UGX)
< 100,000 34.0 (1,180) 1 – 1 –
100,000 to < 300,000 29.7 (1,136) 0.79 (0.56–1.11) 0.17 0.77 (0.55–1.09) 0.15
≥ 300,000 28.0 (908) 0.75 (0.53–1.07) 0.12 0.87 (0.62–1.22) 0.43
Remittances received in the past 12 months
No 32.2 (2,847) 1 – 1 –
Yes 23.8 (420) 0.62 (0.37–1.04) 0.07 0.65 (0.40–1.05) 0.08
Occupation
Primary occupation of the household head
Agriculture or unskilled 32.9 (2,416) 1 – 1 –
Skilled 26.3 (851) 0.76 (0.51–1.15) 0.19 0.77 (0.55–1.08) 0.13
Main source of household income
Agriculture or unskilled 32.1 (2,635) 1 – 1 –
Skilled 27.0 (497) 0.82 (0.48–1.41) 0.48 1.03 (0.58–1.81) 0.93
Remittances or other 28.9 (135) 0.83 (0.33–2.07) 0.68 1.04 (0.49–2.20) 0.93
Education
Female caregiver ever attended school
No 33.4 (788) 1 – 1 –
Yes 30.4 (2,296) 0.90 (0.65–1.25) 0.54 0.87 (0.59–1.29) 0.49
Female caregiver’s highest level of school completed
None 33.4 (788) 1 – 1 –
Incomplete primary 31.7 (1,703) 0.96 (0.68–1.36) 0.83 1.26 (0.92–1.74) 0.16
Primary or higher 26.6 (593) 0.74 (0.48–1.15) 0.18 Omitted due to collinearity –
CI = confidence interval; OR = odds ratio; SEP = socioeconomic position; UGX = Ugandan shilling.
*Percentage of blood slides positive with malaria parasites. Total blood slides are shown in brackets.
†OR minimally adjusted for age at the time of the blood smear and gender.
‡OR adjusted for mean age during follow-up, gender, categorical Wealth Index I, and all other SEP indicators, excluding all other wealth index variables. ORs for the categorical Wealth
Index II and continuous Wealth Indices I and II variables were adjusted for mean age during follow-up, gender, and all other indicators of SEP, excluding all other wealth index variables.
§Standardized wealth index scores were created by subtracting mean index scores and dividing by the standard deviation.
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by changes in the cost, ease, and social expectations of educa-
tional attendance over time.6 While we restricted our analysis
to female education only, removing gender differences, varia-
tion across women’s age groups or ethnic groups may have
persisted, making it difficult to identify variation in malaria
risk reflecting education alone.
We found no association between agricultural income and
malaria, but we observed that HBR was lower in households
that had received remittances in the past 12 months. We also
observed that both agricultural income and access to remit-
tances were strongly associated with the reference wealth
index. It is plausible that income may be a reasonable proxy
for underlying SEP, but our specific measures of income were
inadequate to fully detect differences in malaria risk related
to SEP. Income is difficult to measure in low-income settings
such as Nagongera, because of multiple household income
sources, home production, and seasonal or annual variation in
income.6 Thus, we simply estimated the total estimated income
from the sale of crops and livestock and recorded whether
households had access to remittances. Our approach did not
account for other income sources and this, together with mea-
surement error due to recall bias, unwillingness to divulge
income, and interviewing only the household head, may help
explain the inconsistent association with malaria outcomes.9
Of course, our findings may alternatively reflect a scenario of
no underlying relationship between income and malaria if a
lack of cash income is not a barrier to having those charac-
teristics that offer some protection against malaria.
We did not observe any association between malaria
infection risk and occupation, when classed as unskilled and
agricultural versus skilled. Occupational life can be complex
and therefore difficult to measure in low-income settings
since people often have casual, seasonal, or multiple jobs.41
In Nagongera, where households predominantly rely on
smallholder farming and small home enterprises, further
differentiation between commercial and subsistence farmers
TABLE 5
Association between indicators of SEP and malaria incidence in children aged 6 months to 10 years in Nagongera, Uganda
Characteristic Malaria incidence* Crude IRR (95% CI)† P Adjusted IRR (95% CI)‡ P
Mean age during follow-up
6 months to < 3 years 4.1 (134) 1 – 1 –
3 to < 5 years 4.2 (177) 1.01 (0.85–1.19) 0.93 0.99 (0.82–1.20) 0.96
5 to < 11 years 2.3 (491) 0.54 (0.46–0.65) < 0.001 0.54 (0.46–0.65) < 0.001
Gender
Female 2.7 (361) 1 – 1 –
Male 3.2 (441) 1.13 (0.97–1.32) 0.12 1.14 (0.97–1.35) 0.11
Wealth index
Wealth Index I
Poorest 3.0 (258) 1 – 1 –
Middle 3.1 (280) 1.12 (0.90–1.40) 0.31 1.16 (0.93–1.43) 0.18
Highest 2.9 (241) 1.05 (0.83–1.34) 0.68 1.08 (0.86–1.37) 0.51
Continuous score§ – 0.95 (0.86–1.06) 0.35 0.96 (0.88–1.06) 0.46
Wealth Index II
Poorest 3.2 (264) 1 – 1 –
Middle 2.9 (289) 1.03 (0.83–1.29) 0.77 1.10 (0.90–1.35) 0.33
Highest 2.9 (226) 1.00 (0.78–1.27) 0.98 1.04 (0.80–1.36) 0.75
Continuous score§ – 0.95 (0.84–1.07) 0.38 0.97 (0.86–1.10) 0.67
Income
Total income from agriculture in the past 12 months (UGX)
< 100,000 3.1 (283) 1 – 1 –
100,000 to < 300,000 2.5 (270) 0.84 (0.66–1.06) 0.14 0.79 (0.62–1.00) 0.05
≥ 300,000 3.5 (215) 1.13 (0.90–1.42) 0.29 1.11 (0.88–1.40) 0.37
Remittances received in the past 12 months
No 3.1 (679) 1 – 1 –
Yes 2.6 (100) 0.88 (0.65–1.20) 0.42 1.10 (0.76–1.57) 0.62
Occupation
Primary occupation of the household head
Agriculture or unskilled 3.0 (576) 1 – 1 –
Skilled 3.0 (203) 0.93 (0.74–1.19) 0.58 0.90 (0.66–1.23) 0.51
Main source of household income
Agriculture or unskilled 3.1 (628) 1 – 1 –
Skilled 2.8 (118) 0.93 (0.70–1.23) 0.59 1.01 (0.69–1.48) 0.97
Remittances or other 2.5 (33) 0.77 (0.43–1.36) 0.37 0.67 (0.38–1.19) 0.17
Education
Female caregiver ever attended school
No 3.5 (188) 1 – 1 –
Yes 2.9 (546) 0.80 (0.67–0.95) 0.01 0.70 (0.49–0.98) 0.04
Female caregiver’s highest level of school completed
None 3.5 (188) 1 – 1 –
Incomplete primary 3.0 (406) 0.83 (0.69–1.01) 0.06 1.26 (0.91–1.74) 0.16
Primary or higher 2.4 (140) 0.69 (0.53–0.91) 0.008 Omitted due to collinearity –
CI = confidence interval; IRR = incidence rate ratio; SEP = socioeconomic position; UGX = Ugandan shilling.
*Malaria incidence: episodes per person-years at risk. Total person-years at risk shown in brackets.
†IRR minimally adjusted for mean age during follow-up and gender.
‡IRR adjusted for mean age during follow-up, gender, categorical Wealth Index I, and all other SEP indicators, excluding all other wealth index variables. IRRs for the categorical Wealth
Index II and continuous Wealth Indices I and II variables were adjusted for mean age during follow-up, gender, and all other indicators of SEP, excluding all other wealth index variables.
§Standardized wealth index scores were created by subtracting mean index scores and dividing by the standard deviation.
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may have been needed to determine underlying SEP.27 For
example, the DHS typically classifies households using
occupation-based social class measures that include subdivi-
sions of types of agricultural activity.18
Overall, our study supports the continued use of wealth
indices as a pragmatic approach to estimating SEP in malaria
studies. Although we did not compare the wealth index with
consumption, the wealth index was consistently more sensi-
tive to inequalities in malaria risk than income and occupa-
tion. However, there remains a need to better understand
how to select and weight the included variables. Although
the inclusion of variables directly associated with the out-
come may inflate health inequalities,12 such variables may be
an important part of what makes wealth protective. More-
over, the inclusion or exclusion of different variables can
improve our understanding of the causal pathway between
SEP and health outcomes.12 However, it may be pragmatic
to remove from the wealth index any variables being investi-
gated as exposures of interest. Individual studies should con-
sider what is appropriate for the study setting and design.
Our study has a number of limitations. First, to avoid exces-
sive questioning, we did not evaluate consumption, yet this
is the gold standard measure of SEP.6 Second, metrics such
as income and occupation may be subject to measurement
error due to recall bias, inaccurate reporting during lengthy
interviews, and social desirability bias when asking ques-
tions related to socioeconomic conditions. Third, our find-
ings may not be generalizable outside the study population
in Nagongera. For example, in generating both wealth indices
the smallest weight was assigned to mode of transport to
the health facility, possibly reflecting reimbursement of clinic
travel expenses to study participants. In addition, we com-
pared two wealth indices only, limiting the conclusions that
may be drawn. Fourth, we used PCA as a weighting strategy,
but this was originally designed for use with continuous data.
We also did not analyze other weighting strategies, such as
factor analysis or multiple correspondence analysis, although
a recent study concluded that the weighting strategy is less
important than other considerations, such as variable coding,
in improving wealth index agreement with consumption.24
Finally, variables used to construct the wealth index were
collected at more than one time point. However, we consider
household assets to be relatively stable over time.6
In conclusion, wealth indices, income, and education were
stronger predictors of socioeconomic differences in malaria
risk than occupation in this setting. The wealth index was
still a predictor of malaria risk after excluding variables
directly associated with malaria, but the strength of associa-
tion was lower.
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